The aim of this study was to establish the effect of field treatment with selected soil amendments on bacterial wilt incidences in Tomatoes, Capsicum and Potatoes. Study Design: The study was laid out as randomized complete block design (RCBD) in split plot arrangement for two seasons in the field. Place and Duration of Study: The experiment was conducted at the experimental plots at KARLO-NARL, Kabete Nairobi Methodology: The three choice crops of interest (potatoes, tomatoes and capsicum) were inoculated with prepared pure bacterial isolates; 18 (2T-Kiambu-Low Land), 71(2A-Nyeri-Low Land), 67 (2A-Nyeri-High Land), 83 (2T-Kirinyaga-Highland) and MX (18/71/67/83). A plot measuring 66 m Kago et al.; JEAI, 41(1): 1-12, 2019; Article no.JEAI.51466 2 by 28.5 m was marked, cleared, ploughed, harrowed and demarcated into 150 plots each measuring 2.4 m x 3.75 m. Spacing of the host crops of interest: potato -(Tigoni variety), tomato (Caj variety) and capsicum (Califonia Wonder) was carried out at 75 cm between the rows and 30 cm within the rows. The treatments were Chalim TM , Super-hydro-grow polymer + Metham sodium, Metham sodium, Metham sodium & Orange peel, Super-hydro-grow polymer, Brassica tissues, Chalim TM + Super-hydro-grow polymer, Brassica tissue + Orange peel, Metham sodium + Superhydro-grow polymer and Control (no amendments). Results: Significant differences (P≤0.05) were revealed in the bacterial wilt incidences in tomatoes, capsicum and potatoes between control and all the soil amendments used in season 1 and 2 in the five R. solanacearum isolate from Kenyan highlands and lowlands. The Brassica tissue + Superhydro-grow polymer was superior in reducing bacterial wilt incidences in tomatoes, capsicum and potatoes in the field in all the R. solanacearum isolates from Kenyan highlands and lowlands both in season 1 and 2. Conclusion: The findings showed that organic and inorganic soil amendments could serve as a viable control of bacterial wilt in solanaceous crops caused by R. solanacearum in the field. We recommend the use of Brassica tissue + Super-hydro-grow polymer soil amendment in the control of bacterial wilt incidences in the field on solanaceous crops.
INTRODUCTION
Ralstonia solanacearum, the causal agent of bacterial wilt disease, is considered one of the most destructive bacterial pathogens due to its lethality, unusually wide host range, persistence and broad geographical distribution [1] . The bacteria infect over 50 plant families and causes bacterial wilting of more than 250 plant species [2, 3] . R. solanacearum widely distributed in tropical, subtropical, and temperate regions of the world, is a complex species with considerable diversity [4] . R. solanacearum was described as a species complex due to its diversity and the variability of the strains aggressiveness in different hosts [5] . The strains that can cause disease below 20ºC are considered a threat to agriculture in temperate areas and some countries have placed quarantine measures naming it as a select agent [6] .
Ralstonia solanacearum invades plant roots through wounds or emergence points of lateral roots [7] . Root exudates released from wounds initiate the bacteria's' chemotactic mediated swimming toward the roots [8] . It invades the vascular vessels and grows systemically in the plant [9] . Plants infected by R. solanacearum appear shrunk with severe leaf epinasty while still freshly green. When the plant stem is vertically split, vascular discoloration can be observed, while lateral sections are dipped in water, the bacteria can be seen streaming. In order to cause infection, the R. solanacearum must be able to utilize the host resources to ensure successful multiplication inside the plant tissue amidst the plant defense mechanisms [5] . Stems exhibiting vascular browning are usually filled with very high concentrations of bacteria [10] , which can be observed as a thick, milky stream oozing out of cut stems immersed in water [11] .
The host pathogen interaction is greatly influenced by the environment [12] . R. solanacearum strains have varying abilities to survive in different climatic zones [13] . Most plant pathogens of a given species are active within a limited range of temperature. However, some strains are virulent across a wider range due to adaptive and perhaps evolutionary pressures. Introduction of such strains to new crop zones could be economically devastating [14] . R. solanacearum survives in soil by feeding on dead plant debris and shows an unusual ability of surviving in a nutrient depleted environment [15] . It was shown that strains of R. solanacearum can be altered based on soil type, its texture, pH and moisture content [16] . During heavy rainfall on infested soil, water runoff contaminates rivers which are the sources of irrigation water [17] .
Bacterial wilt control in various pathosystems has been possible through use of a combination of diverse methods such as host resistance, biofumigation, fertiliser application, soil solarisation, biological control, chemical control, and other cultural practices and integrated disease management schemes [18, 19] . Cultural practices such as fallowing and crop rotation are ineffective since the bacterium is able to endure harsh conditions and survive for a long time in soil [20, 21] . Breeding of crop cultivars with suitable resistance is regarded as a key approach for integrated management of bacterial wilt. Remarkable progress has been achieved in developing resistant cultivars for some economically important crops in China including peanut [22] , tobacco [23] , potato [24] , tomato [25] , pepper [26] , and eggplant [27] .
Soil amendments are widely used in agriculture to increase soil pH and are considered to have positive effects on soil health and plant growth. Moreover, the use of soil amendments as an alternative for bacterial wilt control has been studied. Li and Dong [28] demonstrated that rock dust (CaO) additions under greenhouse conditions can effectively control tomato bacterial wilt by raising the soil pH and Ca content. A study showed that rice straw biochar application could reduce the incidence and severity of tobacco bacterial wilt disease [29] . Studies on soil chemical composition and how soil amendment can be done to hamper invasion would be useful. Bacterial wilt of tobacco can also be suppressed by supplementation of mineral nutrients like calcium and molybdenum [30] . Yadessa et al. [16] proposed amending top soil with coco peat, farmyard manure and compost to control R. solanacearum. The objective of the study was to establish the effect of field treatment with selected soil amendments on bacterial wilt incidences in Tomatoes, Capsicum and Potatoes.
MATERIALS AND METHODS

Study Area
The experiment was conducted at the experimental plots at KARLO-NARL, Kabete, near Nairobi, about 8 km Northwest of Nairobi at 36° 41'E and 01º 15'S and an altitude of 1737 Metres Above Sea Level (MASL). The rainfall is bimodal; the average received ranging from 600 to 2000 mm per year. The area is reliable and favorable for agricultural activities, with the April-July period receiving 60% and October-November 40% of precipitation. It has two crop growing periods with a total of 150-214 days. The mean annual temperature ranges from 18.0ºC to 21.9ºC. Soils at KARLO, Kabete, are dominated by humic Nitisols [31] with a clay texture and are known locally as Kikuyu Red Loam. The laboratory work was carried out at (KARLO-NARL), Kenya Agricultural Research and
Livestock
Organization-National Agricultural Research laboratories.
Eperimental Design and Treatments
The experiment was carried out between July, 2017-September, 2017 and between November, 2017-January, 2018 and was replicated three times for the two seasons. The experiment was laid out in randomized complete block design (RCBD) in split plot arrangement in the field. A plot measuring 66 m by 28.5 m was marked, cleared, ploughed, harrowed and demarcated into 150 plots each measuring 2.4 m x 3.75 m. Spacing of the host crops of interest: potato -(Tigoni variety), tomato (Caj variety) and capsicum (Califonia Wonder) was carried out at 75 cm between the rows and 30 cm within the rows.
The 
Preparation of Plot Soil Amendments
Fresh leaves of cabbage plant residues were finely chopped and incorporated into the soil at a depth of 20 cm, at the rate of 3969 g per 2.4 m x 3.75 m plot (4355.56 kg/ha), The inoculated soil was thoroughly mixed with the finely chopped cabbage plant residue, ensuring that all the residues were well incorporated in the soil. Freshly dried finely chopped peels of orange plant residues were incorporated into the soil at a depth of 20 cm, at the rate of 3969 g per 2.4 m x 3.75 m plot (4355.56 kg/ha). The inoculated soil was thoroughly mixed with the finely chopped orange peels residues; ensuring that all the residues were well incorporated in the soil. Metham sodium, a chemical fumigant was applied in 12 plots of 2. 
Field Inoculation
The positively identified potato tubers and stems of capsicum and tomato were used to isolate R. solanacearum. The five pure bacterial isolates were 18 (2T-Kiambu-Low Land), 71(2A-Nyeri-Low Land), 67 (2A-Nyeri-High Land), 83 (2T-Kirinyaga-Highland) and MX (2T-L/2A-L/2A-H/2T-H (18/71/67/83). Potato tuber stems and infected tomato and capsicum plants were cut above the soil level and the cut surfaces were suspended in test tube containing clean water. Bacterial strains were routinely cultured in CPG agar (CPG broth with 15 g of agar/litre) media. These strains were easily distinguished on the basis of colony morphology and colour by using the South Africa semi-selective medium (SMSA-E) at KARI-NARL bacteriology laboratory. Pure bacterial was harvested (30 plates per plant sample) into a 5 L of sterile distilled water to make composite bacterial inoculate to be sprayed in 24 plots (208.3 ml). Each plot was sprayed evenly with a mixture of 208.3 ml of the concentrated inocular topped with distilled water to 15 L mark of knapsack sprayer. All the plots were inoculated with R. solanacearum isolates 18, 71, 67, 83 and MX to a level of approximately 7.5×10 7 Colony forming unit (CFU) per plot. Three plots were used as negative controls for the experiment where the plants were planted directly without any soil amendments other than DAP fertilizer and agrosober gel. Metham sodium, a known fumigant was used as a positive control. Randomized complete split plot design was used in the field layout.
Data Collection and Analysis
Three choice crops (tomato, capsicum and potato) were used. The plants were rated weekly, each Wednesday for bacterial wilt disease incidence from the 18 th day after planting where wilted plants were uprooted upon total foliage wilt and recorded though only the incidence at 4 th , 7 th and 10 th weeks after planting (WAP) was considered for evaluation. Plants with visible symptoms (wilted leaves) were recorded as diseased plants. Bacterial wilt incidence was assessed as percentage of wilted plants within each treatment. It was calculated in accordance with the formula provided by Getachew et al. [32] . For proper key diagnostic identification of R. solanacearum in the field and to distinguish bacterial wilt from vascular wilts caused by fungal pathogens, bacterial wilt symptoms was identified by visual observation of typical bacterial wilt disease symptoms such as wilting, vascular discoloration, bacterial streaming in glass of water and browning of the vascular bundles of the tuber. Milky white strands containing bacteria and extracellular polysaccharide was oozed out from the cut ends of the xylem. The diseased samples were brought to the laboratory and subjected aseptically for detection and confirmation of R. solanacearum.
Data Analysis
Data that was obtained from effect of field treatment with selected soil amendments on bacterial wilt incidences in Tomatoes, Capsicum and Potatoes was statistically analyzed by statistical package for social sciences (SPSS) software for Windows, ver. 23 (SPSS, IBM, USA). Chi-square was done to measure the strength of associations between variables. A pvalue of <0.05 was considered to be statistically significant.
RESULTS AND DISCUSSION
Influence Selected Soil Amendments on Field Disease Incidence on Capsicum
The results of incidences of bacterial wilt on Capsicum grown on the field for season 1 and 2 are shown by Figs. 1 and 2 bacterial wilt has been conducted and reported to be effective in a study by Kirkegaard [35] . This is attributed to its anti-microbial properties that facilitate its effectiveness. There are different mechanisms reported through which Brassica controls the disease amongst which the release of sulphur compounds and isothiocyanates [36] . In addition, brassicaceous materials have been reported to have allellopathic effects as well as biofumigation effects to soil biota that includes plant parasitic nematodes [37, 38, 39] .
The use of Brassica tissue to control R. solanacearum is an organic soil amendment. Previous experiments demonstrated the successful application of organic matter against bacterial wilt in greenhouses and in the field. For example, in a greenhouse experiment, when the freshly cut aerial parts of pigeon pea (Cajanus cajan) and crotalaria (Crotalaria juncea) were incorporated at concentrations of 20-30% and incubated for 30 d, they completely suppressed tomato bacterial wilt 45 d after the inoculation [40] ; however, the application rate of this organic matter was high and, thus, not feasible for farmers. Thymol oil derived from a thyme plant reduced bacterial wilt by 65% in the fall 
Influence Selected Soil Amendments on Field Disease Incidence on Potatoes
The results of incidences of bacterial wilt on Potatoes grown on the field for season 1 and 2 are shown by Figs. 3 and 4 The Brassica tissue + Super-hydro-grow polymer was superior in reducing bacterial wilt incidences in capsicum in the field in all the R. solanacearum isolates from Kenyan highlands and lowlands both in season 1 and 2 but was not significantly different with Brassica tissue + Orange peel in season 2. This concur with the findings of Kago et al. [33] that established that the Brassica tissue + Super-hydro-grow polymer was superior in reducing bacterial wilt incidences in potatoes in the greenhouse in all the R. solanacearum isolates from Kenyan highlands and lowlands both in season 1 and 2. According to Bonilla et al. [48] , the effect of organic amendments on soil suppressiveness was often related to a general suppression mechanism. The input of organic matter may lead to an increase in total microbial biomass and activity in soil, causing the inhibition of the pathogen by competition for resources or through other direct forms of antagonism. No specific microorganism is responsible for general suppression, but all microbiota cooperate in the generation of an environment hostile for disease development [48].
Influence Selected Soil Amendments on Field Disease Incidence on Tomatoes
The results of incidences of bacterial wilt on Tomatoes grown on the field for season 1 and 2 are shown by Figs. 5 and 6 respectively. lowlands both in season 1 and 2 but was not significantly different with Brassica tissue+ Orange peel in season 2. This concur with the findings of Kago et al. [33] that established that the Brassica tissue + Super-hydro-grow polymer was superior in reducing bacterial wilt incidences in potatoes in the greenhouse in all the R. solanacearum isolates from Kenyan highlands and lowlands both in season 1 and 2. Several previous studies reported that bacterial wilt was suppressed by plant residues derived from, e.g. chili (Capsicum annum) [50] , Chinese gall (Rhus chinensis) [51] , clove (Szygyum aromaticum) [52] , cole (Brassica sp.) [35, 53, 54] . Organic fertilizer and biochar amendments are promising alternatives to suppress bacterial wilt by increasing the soil pH, electric conductivity, organic carbon and nitrogen availability and microbial activities [55, 56, 57, 58] . MS+ SHG was able to effectively control 83 and MX isolates in season 2 as opposed to isolates 18, 67 and 71 in the same season. This study concurs with a study by Meng [15] that established that different R. solanacearum strains have different levels of aggressiveness and subsequently different breeding lines differ in their levels of resistance.
Chalim TM soil amendment drastically reduced the disease incidence in season 2. Previous studies revealed that the application of fertilizers reduced the incidence of bacterial wilt. Calcium (Ca) is the most well-known fertilizer to suppress disease. Increased Ca concentrations in plants reduced the severity of bacterial wilt as well as the population of R. solanacearum in the stems of the tomato [59, 60] . Furthermore, an increase in Ca uptake by tomato shoots correlated with lower levels of disease severity [60, 61] Higher disease incidence recorded in tomato compared to capsicum and potato may be an indication that this pathogen is more virulent on this crop that may have led to the subsequent wilting of more tomato crops relative to those of potato and capsicum. Similar findings have been reported by Hsu et al. [62] in a study carried on perilla plants in Taiwan where strains of bacterial wilt pathogens obtained from tomato, potato, capsicum and other plants were observed to cause wilting and browning symptoms on inoculated plants although when the strain from perilla was inoculated on tomato, wilting and death was recorded. In addition all the strains from perilla were virulent on potato, tomato and capsicum plants [62] .
CONCLUSION
In conclusion, our findings showed that organic and inorganic soil amendments could serve as a viable control of bacterial wilt in solanaceous crops caused by R. solanacearum in the field. Brassica tissue + Super-hydro-grow polymer was superior in reducing bacterial wilt incidences in selected solanaceous crops in all the R. solanacearum isolates from Kenyan highlands and lowlands both in season 1 and 2. The study recommends the use of Brassica tissue + Superhydro-grow polymer soil amendment in the control of bacterial wilt as it is eco-friendly, increases soil organic content and Brassica tissues are readily available. The data presented in this study substantiate the findings that, various R. solanacearum isolates from both the Kenyan highland and lowland are causing bacteria wilt disease in various important solanaceous crops grown in the country. 
